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Purpose: Refine ice cloud bulk scattering models for various sensors to
incorporate recent advances in ice particle simulations and in situ
microphysical measurements. For purposes of data fusion and cloud product
intercomparison, the models are derived for each instrument consistently.

Goals:

a. Further refine models used by MODIS for Collection 5.

b. Continue to integrate in situ measurements and light scattering advances.

c. Incorporate new ice habits.

d. Develop models for active/passive sensors using consistent methodology.

e. Develop models for use with instruments that measure radiances from the
visible to far-infrared wavelengths.
Provide some measure of uncertainty for each property in the models for use
with optimal estimation methods.

g. Apply models in data fusion research (e.g., MODIS + AIRS; POLDER +

MODIS)

Models are available at http:/www.ssec.wisc.edu/~baum

In situ Data - Particle Size Distributions

Gamma size distribution* has the form:
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Field Campaign Data Used to Date

Fiel Campaign Tocation atrumants Probe size ranges (at least, usable ranges):
2D-C, ~100-1000 ym
20-P, 2006400 um
FRE- (1986) Madison, Wi c.20p
HVPS (High Volume Precipitation Spectrometer), 200-5000 um
GPI (Cloud Partice Imager), 20-2000 ym
FIRE (1991) Cofeywile, ks Raplator Baloon-borme Feplcatr, 10-800
VIPS (Video Ice Particle Sampler), ~10-350 um
ARM-OP (2000) Lamort, OK 200,207, CPI

Other probes now being used (€.g, TC-4):

2DS (new probe, similar to 2DC with faster opics), 20-2000 um

TRMM KWAJEX (1999) Cloud Imaging Probe (CIP), 25-1600 yum

Kuajalen, Marshal slands. 200, HVPS, CPI

Precipitation Imaging Probe (PIP), 100-6400 um

CRYSTALFACE (2002) SmallIce Detector (SID-2), ~1-50 um

Flght rack of coast of Nicaragua 20.0,vies,

New field Campaign data will soon be provided from:
Pre-AVE: Pre-Aura Validation Experiment (2004)
TWP-ICE: Tropical Western Pacific International Cloud Experiment (2005-2006)
NASA TC-4: Tropical Composition, Cloud and Climate Coupling (2007)
ICE-L: Ice in Clouds Experiment -~ ice cloud nucleation measurements (2007)
Next generation ice models will incorporate
s in measurement techniques

- better characterization of the number and shape of smallice particles

from combination of probes

- setof
- more guidance on ice habits and their characteristics
- more guidance on realistic habit mixtures

Single scattering Databases for Various Ice Habits

Visible/Shortwave Infrared (VIS/SWIR) Database Midwave Infrared/IR/Far-IR (MWIR/IR/Far-IR) Database
Ice particle habits:
Hexagonal plates
Solid and hollow columns Solid and hollow columns
Aggregates Aggregates
Droxtals Droxtals
3D bullet rosettes 3D bullet rosettes

Ice Particle Habits:
lexagonal plates

45 size bins ranging from 2 to 9500 um 45 size bins ranging from 2 to 9500 um

Spectral range: Currently 0.4 to 2.2 um with a few gaps Spectral range: 100 to 3250 cm at 1-cr resolution
Planned updates
Spectral range: 0.310 3 um
Include hollow bullet rosettes
Include surface roughening (none, moderate, heavy)
Explore hopper growth
Explore more realistic aggregate particle

Planned updates:
Include hollow bullet rosettes
Include surface roughening (none, moderate, heavy)
Explore hopper growth

Properties for each habitisize bin include volume, projected area, maximum dimension, single-scattering albedo, fraction of delta-
transmission energy (VIS/SWIR only), asymmetry factor, extinction/scattering cross sections as well as extinction efficiency.

22 25 o 1991 Repticator Prfie e, e
.
LR 0 - Q.’Ph" x @
wil PRROTY
o8 Y RTL Droxal
eosesssos o
gosecveese w
z s & B
‘ S Plate Solid Column  Hollow Column
w i
il e x
© ”" ™ -
% S - Aovegse 5.0 et Rosete
ool oup 0 €D ;&
A a R g -
T 3 >
Synoptic Cirrus Tropical Anvil_Cirrus Ice Habits in Scattering Calculations
Based on ison of C to In-situ D,, and IWC
s e it &% T e

Since each idealized ice partcle has a prescribed volume, and hence mass, we can calculate IWC (ice water content) and D, (median mass diameter) for each
PSD.

‘Subsequently, the IWCand D, for each PSD from the techniques

the
ides a constraint on the prescribed habit mixture.

Current ice particle habit mixture "
New guidelines for habit mixture Changes to ice particle habit mixture
Wax longth <60 um
45 120 angos defined by masimum dimansion :1;;,, fongth <10 m
S0pm < Max ongin < 1000
154 e roset ""‘ 0 um < Max langth < 60 m

Droxtals: used only for smalest particies.

5% horagonal paios
Aggregates: will phase out untl new aggregate. 50% sold coumns
habitis defined (plates, not columns) 60 um < Max length < 1000 pm

1000 ym < wn pates

Plates: used
ltes: use P size 00 m < Max length < 2500

45% hollow columns wm
et Primaiy holow partcles (columns + Bullet osettes)

Use more hollow than solid columnsiplates! 0% cagres

rosetes Max length > 2500 pm
7% bullet rosetios
3% aggregates

Max length > 2500
Primariy holow bullet roseties

Explore new areas
Hopper Growth
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Revised Data on Ice Optical Constants
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